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FOREWORD 


The  work  reported  herein  was  sponsored  by  the  National  Aero¬ 
nautics  and  Space  Administration  (NASA),  Marshall  Space  Flight  Center 
(MSFC),  under  System  921E,  Project  9194. 

The  results  of  the  tests  presented  were  obtained  by  ARO,  Inc. 
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operator  of  the  Arnold  Engineering  Development  Center  (AEDC),  Air 
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NASA/MSFC;  engineering  liaison  was  provided  by  North  American 
Aviation,  Inc.,  Rocketdyne  Division,  manufacturer  of  the  J-2  rocket 
engine  and  Douglas  Aircraft  Company,  manufacturer  of  the  S-IVB 
stage.  The  testing  reported  herein  was  conducted  on  July  26,  1967, 
in  Propulsion  Engine  Test  Cell  (J-4)  of  the  Large  Rocket  Facility  (LRF) 
under  ARO  Project  No.  KA1801.  The  manuscript  was  submitted  for 
publication  on  September  9,  1967. 

Information  in  this  report  is  embargoed  under  the  Department  of 
State  International  Traffic  in  Arms  Regulations.  This  report  may  be 
released  to  foreign  governments  by  departments  or  agencies  of  the 
U.  S.  Government  subject  to  approval  of  NASA,  Marshall  Space  Flight 
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quire  a  Department  of  State  export  license. 
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ABSTRACT 


Two  firings  of  the  Rocketdyne  J-2  rocket  engine  were  conducted  in 
Test  Cell  J-4  of  the  Large  Rocket  Facility.  The  firings  were  accom¬ 
plished  during  test  period  J4-1801-03  at  pressure  altitudes  of  approxi¬ 
mately  100,  000  ft  to  evaluate  S-IVB/S-V  start  condition  effects  on 
{ 1)  engine  start  transients,  (2)  gas  generator  outlet  temperature, 

(3)  augmented  spark  igniter  operation,  and  (4)  fuel  pump  low  level  stall 
margin  for  J-2  engine  J-2052.  Engine  components  were  thermally  con¬ 
ditioned  to  temperatures  predicted  for  S-IVB/SV  first  burn  and  one 
orbit  restart  on  firings  03A  and  03B,  respectively.  Excessive  gas 
generator  outlet  temperature  peaks  were  experienced  on  these  firings, 
resulting  in  a  gas  generator  outlet  temperature  probe  failure  and  pre¬ 
mature  engine  shutdown  on  firing  03B.  The  two  remaining  scheduled 
firings  for  the  test  period  were  cancelled.  Post -test  inspection  re¬ 
vealed  erosion  of  the  fuel  turbine  first  stage,  and  small  cracks  were 
found  in  the  curvic  coupling  of  fuel  turbine  first -stage  wheel.  The 
accumulated  engine  firing  duration  was  31.  3  sec. 
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NOMENCLATURE 


p 

Area,  in. 

Augmented  spark  igniter 

Engine  start,  designated  as  the  time  that  helium  control 
and  ignition  phase  solenoids  are  energized 

Gas  generator 

Main  oxidizer  valve 

Start  tank  discharge  valve 

Defined  as  the  time  at  which  the  opening  signal  is  applied  to 
the  start  tank  discharge  valve  solenoid 

Vibration  safety  counts,  defined  as  engine  vibration  in  excess 
of  150  g  rms  in  a  960-  to  9000-Hz  frequency  range 


Force 

Mass 

Throat 
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SECTION  I 
INTRODUCTION 


Testing  of  the  Rocketdyne  J- 2  rocket  engine  (S/N  J-2052)  using  a 
S-IVB  battleship  stage  has  been  in  progress  since  July  1966  at  AEDC  in 
support  of  the  J-2  engine  application  on  the  Saturn  IB  and  Saturn  V 
launch  vehicles  for  the  NASA  Apollo  Program.  The  two  firings  reported 
herein  were  conducted  during  test  period  J4-1801-03  on  July  26,  1967, 
in  Propulsion  Engine  Test  Cell  (J-4)  (Figs.  1  and  2,  Appendix  I)  of  the 
Large  Rocket  Facility  (LRF)  to  evaluate  S-IVB/S-V  start  condition 
effects  on  (1)  engine  start  transients,  (2)  gas  generator  outlet  tempera¬ 
ture,  (3)  augmented  spark  igniter  operation,  and  (4)  fuel  pump  low  level 
stall  margin.  These  firings  were  conducted  at  a  pressure  altitude  of 
approximately  100,  000  ft,  using  predicted  J-2  engine  flight  temperatures 
to  simulate  first  burn  and  restart  after  one  orbit. 

Data  collected  to  accomplish  the  test  objectives  are  presented 
herein.  Copies  of  all  data  obtained  during  this  test  have  been  pre¬ 
viously  supplied  to  the  sponsor.  The  results  of  the  previous  test 
period  are  reported  in  Ref.  1. 


SECTION  II 
APPARATUS 


2.1  TEST  ARTICLE 

The  test  article  was  a  J-2  rocket  engine  (Fig.  3)  designed  and 
developed  by  the  Rocketdyne  Division  of  North  American  Aviation,  Inc. 
The  engine  uses  liquid  oxygen  and  liquid  hydrogen  as  propellants  and 
has  a  thrust  rating  of  225,  000  lbf  at  an  oxidizer -to-fuel  mixture  ratio 
of  5.5.  A  S-IVB  battleship  stage  was  used  to  supply  propellants  to  the 
engine.  A  schematic  of  the  battleship  stage  with  the  J-2  engine  is  shown 
in  Fig.  4. 

Listings  of  major  engine  components  and  engine  orifices  for  this 
test  period  are  presented  in  Tables  I  and  II  (Appendix  II),  respectively. 
All  engine  modifications  and  component  replacements  performed  since 
the  previous  test  period  are  presented  in  Tables  III  and  IV,  respectively. 
The  thrust  chamber  heater  blankets  were  in  place  during  this  test 
period,  although  they  were  not  utilized. 
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2.1*1  J'2  Rocket  Engine 

The  J-2  rocket  engine  (Figs.  3  and  5,  Ref.  2)  features  the  following 
major  components: 

1.  Thrust  Chamber  -  The  tubular-walled,- bell-shaped  thrust 
chamber  consists  of  an  18.  6 -in.  -diam  combustion  chamber 
(8.  0  in.  long  from  the  injector  mounting  to  the  throat  inlet) 
with  a  characteristic  length  (L*)  of  24.  6  in. ,  a  170.  4-in. 2 
throat  area,  and  a  divergent  nozzle  with  an  expansion  ratio 
of  27.  1.  Thrust  chamber  length  (from  the  injector  flange  to 
the  nozzle  exit)  is  107  in.  Cooling  is  accomplished  by  the  cir¬ 
culation  of  engine  fuel  flow  downward  from  the  fuel  manifold 
through  180  tubes  and  then  upward  through  360  tubes  to  the  in¬ 
jector. 

2.  Thrust  Chamber  Injector  -  The  injector  is  a  concentric- 
orificed  (concentric  fuel  orifices  around  the  oxidizer  post 
orifices),  porous -faced  injector.  Fuel  and  oxidizer  injector 
orifice  areas  are  25.  0  and  16.  0  in. 2,  respectively.  The  porous 
material,  forming  the  injector  face,  allows  approximately 

3.  5  percent  of  total  fuel  flow  to  transpiration  cool  the  face  of 
the  injector. 

3.  Augmented  Spark  Igniter  -  The  augmented  spark  igniter  unit 
is  mounted  on  the  thrust  chamber  injector  and  supplies  the 
initial  energy  source  to  ignite  propellants  in  the  main  combus¬ 
tion  chamber.  The  augmented  spark  igniter  chamber  is  an 
integral  part  of  the  thrust  chamber  injector.  Fuel  and  oxidizer 
are  ignited  in  the  combustion  area  by  two  spark  plugs. 

4.  Fuel  Turbopump  -  The  turbopump  is  composed  of  a  two-stage 
turbine-stator  assembly,  an  inducer,  and  a  seven-stage,  axial- 
flow  pump.  The  pump  is  self  lubricated  and  nominally  pro¬ 
duces,  at  rated  conditions,  a  head  rise  of  35,  517  ft  (1225  psia) 
of  liquid  hydrogen  at  a  flow  rate  of  8414  gpm  for  a  rotor  speed 
of  26,  702  rpm. 

5.  Oxidizer  Turbopump  -  The  turbopump  is  composed  of  a  two- 
stage  turbine -stator  assembly  and  a  single-stage  centrifugal 
pump.  The  pump  is  self  lubricated  and  nominally  produces, 
at  rated  conditions,  a  head  rise  of  2117  ft  (1081  psia)  of  liquid 
oxygen  at  a  flow  rate  of  2907  gpm  for  a  rotor  speed  of  8572  rpm. 

6.  Gas  Generator  -  The  gas  generator  consists  of  a  combustion 
chamber  containing  two  spark  plugs,  a  pneumatically  operated 
control  valve  containing  oxidizer  and  fuel  poppets,  and  an  in¬ 
jector  assembly.  The  oxidizer  and  fuel  poppets  provide  a  fuel 
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lead  to  the  gas  generator  combustion  chamber.  The  high 
energy  gases  produced  by  the  gas  generator  are  directed  to 
the  fuel  turbine  and  then  to  the  oxidizer  turbine  (through  the 
turbine  crossover  duct),  before  being  exhausted  into  the  thrust 
chamber  at  an  area  ratio  (A/At)  approximately  11. 

7.  Propellant  Utilization  Valve  -  The  motor-driven  propellant 
utilization  valve  is  mounted  on  the  oxidizer  turbopump  and  by¬ 
passes  liquid  oxygen  from  the  discharge  to  the  inlet  side  of  the 
pump  to  vary  engine  mixture  ratio. 

8.  Propellant  Bleed  Valves  -  The  pneumatically  operated  fuel  and 
oxidizer  bleed  valves  provide  pressure  relief  for  the  boiloff  of 
propellants  trapped  between  the  static  test  stage  prevalves  and 
main  propellant  valves  at  engine  shutdown. 

9.  Integral  Hydrogen  Start  Tank  and  Helium  Tank  -  The  integral 
tanks  consist  of  a  7258-in. 3  sphere  for  hydrogen  with  a 
1000-in. 3  sphere  for  helium  located  within  it.  Pressurized 
gaseous  hydrogen  in  the  start  tank  provides  the  initial  energy 
source  for  spinning  the  propellant  turbopumps  during  engine 
start.  The  helium  tank  provides  a  helium  pressure  supply  to 
the  engine  pneumatic  control  system. 

10.  Oxidizer  Turbine  Bypass  Valve  -  The  pneumatically  actuated 
oxidizer  turbine  bypass  valve  provides  control  of  the  fuel 
turbine  exhaust  gases  directed  to  the  oxidizer  turbine  in  order 
to  control  the  oxidizer -to-fuel  turbine  spinup  relationship.  The 
fuel  turbine  exhaust  gases  which  bypass  the  oxidizer  turbine 
are  discharged  into  the  thrust  chamber. 

11.  Main  Oxidizer  Valve  -  The  main  oxidizer  valve  is  a  pneumat¬ 
ically  actuated,  two-stage,  butterfly -type  valve  located  in  the 
oxidizer  high  pressure  duct  between  the  turbopump  and  the 
main  injector.  The  first -stage  actuator  positions  the  main 
oxidizer  valve  at  the  14-deg  position  to  obtain  initial  thrust 
chamber  ignition;  the  second-stage  actuator  ramps  the  main 
oxidizer  valve  full  open  to  accelerate  the  engine  to  main-stage 
operation. 

12.  Main  Fuel  Valve  -  The  main  fuel  valve  is  a  pneumatically 
actuated  butterfly-type  valve  located  in  the  fuel  high  pressure 
duct  Detween  the  turbopump  and  the  fuel  manifold. 

13.  Pneumatic  Control  Package  -  The  pneumatic  control  package 
controls  all  pneumatically  operated  engine  valves  and  purges. 

14.  Electrical  Control  Assembly  -  The  electrical  control  assembly 
provides  the  electrical  logic  required  for  proper  sequencing  of 
engine  components  during  operation. 
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15.  Primary  and  Auxiliary  Flight  Instrumentation  Packages  -  The 
instrumentation  packages  contain  sensors  required  to  monitor 
critical  engine  parameters.  The  packages  provide  environ¬ 
mental  control  for  the  sensors. 


2.1.2  S-IVB  Battleship  Stage 

The  S-IVB  battleship  stage  is  approximately  22  ft  in  diameter  and 
49  ft  long  and  has  a  maximum  propellant  capacity  of  46,  000  lb  of  liquid 
hydrogen  and  199,  000  lb  of  liquid  oxygen.  The  propellant  tanks,  fuel 
above  oxidizer,  are  separated  by  a  common  bulkhead.  Propellant  pre- 
valves,  in  the  low  pressure  ducts  (external  to  the  tanks)  interfacing  the 
stage  and  the  engine,  retain  propellant  in  the  stage  until  being  admitted 
into  the  engine  to  the  main  propellant  valves  and  serve  as  emergency 
engine  shutoff  valves.  Propellant  recirculation  pumps  in  both  fuel  and 
oxidizer  tanks  are  utilized  to  circulate  propellants  through  the  low  pres¬ 
sure  ducts  and  turbopumps  before  engine  start  to  stabilize  hardware 
temperatures  near  normal  operating  levels  and  to  prevent  propellant 
temperature  stratification.  Vent  and  relief  valve  systems  are  provided 
for  both  propellant  tanks. 

Pressurization  of  the  fuel  and  oxidizer  tanks  was  accomplished  by 
facility  systems  using  hydrogen  and  helium,  respectively,  as  the  pres¬ 
surizing  gases.  The  engine-supplied  gaseous  hydrogen  for  fuel  tank 
pressurization  during  S-IVB  flight  was  routed  to  the  facility  vent  system. 


2.2  TEST  CELL 

Test  Cell  J-4,  Fig.  2,  is  a  vertically  oriented  test  unit  designed 
for  static  testing  of  liquid -propellant  rocket  engines  and  propulsion  sys¬ 
tems  at  pressure  altitudes  of  100,  000  ft.  The  basic  cell  construction 
provides  a  1.  5 -million -lbf-thrust  capacity.  The  cell  consists  of  four 
major  components  (1)  test  capsule,  48  ft  in  diameter  and  82  ft  in  height, 
situated  at  grade  level  and  containing  the  test  article;  (2)  spray  cham¬ 
ber,  100  ft  in  diameter  and  250  ft  in  depth,  located  directly  beneath  the 
test  capsule  to  provide  exhaust  gas  cooling  and  dehumidification; 

(3)  coolant  water,  steam,  nitrogen  (gaseous  and  liquid),  hydrogen 
(gaseous  and  liquid),  and  liquid  oxygen  and  gaseous  helium  storage  and 
delivery  systems  for  operation  of  the  cell  and  test  article;  and  (4)  con¬ 
trol  building,  containing  test  article  controls,  test  cell  controls,  and 
data  acquisition  equipment.  Exhaust  machinery  is  connected  with  the 
spray  chamber  and  maintains  a  low  pressure  before  and  after  the  engine 
firing  and  exhausts  the  products  of  combustion  from  the  engine  firing. 
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Before  a  firing,  the  facility  steam  ejector,  in  series  with  the  exhaust 
machinery,  provides  a  pressure  altitude  of  100,  000  ft  in  the  test  cap¬ 
sule.  A  detailed  description  of  the  test  cell  is  presented  in  Ref.  3. 

The  battleship  stage  and  the  J-2  engine  were  oriented  vertically 
downward  on  the  centerline  of  the  diffuser-steam  ejector  assembly. 

This  assembly  consisted  of  a  diffuser  duct  (20  ft  in  diameter  by  150  ft 
in  length),  a  centerbody  steam  ejector  within  the  diffuser  duct,  a  dif¬ 
fuser  insert  (13.  5  ft  in  diameter  by  30  ft  in  length)  at  the  inlet  to  the 
diffuser  duct,  and  a  gaseous  nitrogen  annular  ejector  above  the  diffuser 
insert.  The  diffuser  insert  was  provided  for  dynamic  pressure  re¬ 
covery  of  the  engine  exhaust  gases  to  maintain  engine  ambient  pressure 
altitude  (attained  by  the  steam  ejector)  during  the  engine  firing.  The 
annular  ejector  was  provided  to  suppress  steam  recirculation  into  the 
test  capsule  during  steam  ejector  shutdown.  The  test  cell  was  also 
equipped  with  (1)  a  gaseous  nitrogen  purge  system  for  continuously 
inerting  the  normal  air  in -leakage  of  the  cell;  (2)  a  gaseous  nitrogen 
repressurization  system  for  raising  test  cell  pressure,  after  engine 
cutoff,  to  a  level  equal  to  spray  chamber  pressure  and  for  rapid 
emergency  inerting  of  the  capsule;  and  (3)  a  spray  chamber  liquid 
nitrogen  supply  and  distribution  manifold  for  initially  inerting  the  spray 
chamber  and  exhaust  ducting  and  for  increasing  the  molecular  weight 
of  the  hydrogen-rich  exhaust  products. 

An  engine  component  conditioning  system  was  provided  for  tem¬ 
perature  conditioning  engine  components.  The  conditioning  system 
utilized  a  liquid  hydrogen -helium  heat  exchanger  to  provide  cold  helium 
gas  for  component  conditioning.  Engine  components  requiring  tempera¬ 
ture  conditioning  were  the  thrust  chamber,  crossover  duct,  pneumatic 
regulator,  and  main  oxidizer  valve  closing  control  line  and  second- 
stage  actuator.  Helium  was  routed  internally  through  the  crossover 
duct  and  tubular -walled  thrust  chamber  and  externally  over  the 
pneumatic  regulator  and  main  oxidizer  valve  closing  control  line  and 
second -stage  actuator. 


2.3  INSTRUMENTATION 

Instrumentation  systems  were  provided  to  measure  engine,  stage, 
and  facility  parameters.  The  engine  instrumentation  was  comprised 
of  (1)  flight  instrumentation  for  the  measurement  of  critical  engine 
parameters  and  (2)  facility  instrumentation  which  was  provided  to 
verify  the  flight  instrumentation  and  to  measure  additional  engine 
parameters.  The  flight  instrumentation  was  provided  and  calibrated 
and  periodically  recalibrated  at  AEDC.  Appendix  III  contains  a  list  of 
all  measured  test  parameters  and  the  locations  of  selected  sensing  points. 
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Pressure  measurements  were  made  using  strain-gage-type  pres¬ 
sure  transducers.  Temperature  measurements  were  made  using 
resistance  temperature  transducers  and  thermocouples.  Oxidizer  and 
fuel  turbopump  shaft  speeds  were  sensed  by  magnetic  pickup.  Fuel  and 
oxidizer  flow  rates  to  the  engine  were  measured  by  turbine-type  flow¬ 
meters  which  are  an  integral  part  of  the  engine.  The  propellant  recir¬ 
culation  flow  rates  were  also  monitored  with  turbine-type  flowmeters. 
Engine  side  loads  were  measured  with  dual-bridge,  strain-gage-type 
J^oad  cells  which  were  laboratory  calibrated  before  installation.  Vibra¬ 
tions  were  measured  by  accelerometers  mounted  on  the  oxidizer  in¬ 
jector  dome  and  on  the  turbopumps.  Primary  engine  and  stage  valves 
were  instrumented  with  linear  potentiometers  and  limit  switches. 


The  data  acquisition  systems  were  calibrated  by  (1)  precision  elec¬ 
trical  shunt  resistance  substitution  for  the  pressure  transducers,  load 
cells,  and  resistance  temperature  transducer  units ;  (2)  voltage  substi¬ 
tution  for  the  thermocouples;  (3)  frequency  substitution  for  shaft  speeds 
and  flowmeters;  and  (4)  frequency -voltage  substitution  for  accelerom¬ 
eters. 


The  types  of  data  acquisition  and  recording  systems  used  during 
this  test  period  were  (1}  a  multiple -input  digital  data  acquisition  sys¬ 
tem  (MicroSADIC®)  scanning  each  parameter’  at  40  samples  per  second 
and  recording  on  magnetic  tape,  (2)  single-input,  continuous -recording 
FM  systems  recording  on  magnetic  tape,  (3)  photographically  record¬ 
ing  galvanometer  oscillographs,  (4)  direct-inking,  null-balance 
potentiometer -type  X-Y  plotters  and  strip  charts,  and  (5)  optical  data 
recorders.  Applicable  systems  were  calibrated  before  each  test 
(atmospheric  and  altitude  calibrations).  Television  cameras,  in  con¬ 
junction  with  video  tape  recorders,  were  used  to  provide  visual 
coverage  during  an  engine  firing,  as  well  as  for  replay  capability  for 
immediate  examination  of  unexpected  events. 


2.4  CONTROLS 

Control  of  the  J-2  engine,  battleship  stage,  and  test  cell  systems 
during  the  terminal  countdown  was  provided  from  the  test  cell  control 
room.  A  facility  control  logic  network  was  provided  to  interconnect 
the  engine  control  system,  major  stage  systems,  the  engine  safety 
cutoff  system,  the  observer  cutoff  circuits,  and  the  countdown  sequencer. 
A  schematic  of  the  engine  start  control  logic  is  presented  in  Fig.  6.  The 
sequence  of  engine  events  for  a  normal  start  and  shutdown  is  presented 
in  Figs.  7a  and  b.  Two  control  logics  for  sequencing  the  stage  pre¬ 
valves  and  recirculation  systems  with  engine  start  for  simulating  engine 
flight  start  sequences  are  presented  in  Figs.  7c  and  d. 
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SECTION  III 
PROCEDURE 


Preoperational  procedures  were  begun  several  hours  before  the 
test  period.  All  consumable  storage  systems  were  replenished,  and 
engine  inspections,  leak  checks,  and  drying  procedures  were  conducted. 
Propellant  tank  pressurants  and  engine  pneumatic  and  purge  gas  samples 
were  taken  to  ensure  that  specification  requirements  were  met.  Chem¬ 
ical  analysis  of  propellants  was  provided  by  the  propellant  suppliers. 
Facility  sequence,  engine  sequence,  and  engine  abort  checks  were  con¬ 
ducted  within  a  24 -hr  time  period  before  an  engine  firing  to  verify  the 
proper  sequence  of  events.  Facility  and  engine  sequence  checks  con¬ 
sisted  of  verifying  the  timing  of  valves  and  events  to  be  within  speci¬ 
fied  limits;  the  abort  checks  consisted  of  electrically  simulating  engine 
malfunctions  to  verify  the  occurrence  of  an  automatic  engine  cutoff 
signal.  A  final  engine  sequence  check  was  conducted  immediately  pre¬ 
ceding  the  test  period. 

Oxidizer  dome,  gas  generator  oxidizer  injector,  and  thrust  cham¬ 
ber  jacket  purges  were  initiated  before  evacuating  the  test  cell.  After 
completion  of  instrumentation  calibrations  at  atmospheric  conditions, 
the  test  cell  was  evacuated  to  approximately  0.  5  psia  with  the  exhaust 
machinery,  and  instrumentation  calibrations  at  altitude  conditions  were 
conducted.  Immediately  before  loading  propellants  on  board  the  vehicle, 
the  cell  and  exhaust -ducting  atmosphere  was  inerted,  At  this  same 
time,  the  cell  nitrogen  purge  was  initiated  for  the  duration  of  the  test 
period,  except  for  the  engine  firing.  The  vehicle  propellant  tanks  were 
then  loaded,  and  the  remainder  of  the  terminal  countdown  was  conducted. 
Table  V  presents  the  engine  purges  and  thermal  conditioning  operations 
during  the  terminal  countdown  and  immediately  following  the  engine 
firing. 

Temperature  conditioning  of  the  various  engine  components  was 
accomplished  as  required,  using  the  facility-supplied  engine  component 
conditioning  system.  Engine  components  which  required  temperature 
conditioning  were  the  thrust  chamber,  the  crossover  duct,  pneumatic 
regulator,  main  oxidizer  valve  closing  control  line,  and  main  oxidizer 
valve  second-stage  actuator.  The  engine  component  conditioning  sys¬ 
tem  utilized  a  liquid  hydrogen-helium  heat  exchanger  to  provide  the 
chilled  helium  for  component  conditioning. 
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SECTION  IV 

RESULTS  AND  DISCUSSION 


4.1  TEST  SUMMARY 

Two  firings  of  the  J-2  rocket  engine  were  conducted  during  test 
J4-1801-03  on  July  26,  1967,  for  a  total  firing  duration  of  31,  3  sec. 
These  firings  were  in  support  of  the  S-IVB/S-V  J-2  engine  develop¬ 
mental  program.  Engine  components  were  thermally  conditioned  to 
temperatures  predicted  for  S-IVB/S-V  first  burn  and  one  orbit  restart  on 
firings  03A  and  03B,  respectively,  A  propellant  utilization  valve  excur¬ 
sion  from  null  to  the  full-closed  position  at  to  +  10  sec  was  accomplished 
during  firing  03A,  effectively  changing  the  engine  mixture  ratio  from  5.0 
to  5.5.  Firing  03B  was  conducted  with  the  propellant  utilization  valve 
fully  open.  Test  requirements  and  specific  test  results  are  summarized 
in  Table  VI.  Start  and  shutdown  times  of  selected  engine  valves  are  pre¬ 
sented  in  Table  VII.  The  pump  inlets,  start  tank,  and  helium  tank  pres¬ 
sure  and  temperature  conditions  at  engine  start  are  shown  in  Fig.  8. 


Excessive  gas  generator  outlet  temperature  peaks  were  experi¬ 
enced  on  these  firings.  This  resulted  in  a  gas  generator  outlet  tem¬ 
perature  probe  failure  which  produced  a  premature  cutoff  on  firing  03B. 
The  two  remaining  scheduled  firings  for  the  test  period  were  cancelled. 
Specific  test  objectives  and  a  brief  summary  of  results  obtained  for  each 
firing  are  presented  as  follows: 


Firing 


Test  Objectives 


Results 


03A 


03B 


S-IVB/S-V  first  burn;  evaluate 
the  effect  of  thrust  chamber 
resistance  on  gas  generator 
outlet  temperature  and  aug¬ 
mented  spark  igniter  operation 
during  the  start  transient  at 
maximum  start  tank  energy 


S-IVB/S-V  restart;  evaluation  of 
the  effect  of  minimum  model 
specification  fuel  pump  inlet 
pressure  and  maximum  first 
orbit  starting  energy  on  engine 
start  transient  and  fuel  pump  low 
level  stall  margin 


The  gas  generator  outlet 
initial  peak  temperature 
was  2490°F  with  no  second 
peak.  Augmented  spark 
ignition  was  detected 
236  msec  after  engine 
start.  Post-test  inspec¬ 
tion  revealed  that  no  aug¬ 
mented  spark  igniter 
erosion  had  occurred 
during  this  test  period. 

The  gas  generator  outlet 
temperature  attained  2480°F 
before  failure  of  the  tem¬ 
perature  probe,  prematurely 
terminating  the  firing  at 
t q  +  1.  25  sec.  A  conserva¬ 
tive  fuel  pump  stall  margin 
was  maintained  during  the 
start  transient. 
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The  presentation  of  the  test  results  in  the  following  sections  will 
consist  of  a  discussion  of  each  engine  firing  with  pertinent  comparisons. 
The  data  presented  will  be  those  recorded  on  the  digital  data  acquisition 
system,  except  as  noted. 


4.2  TEST  RESULTS 
4.2.1  Firing  J4-1801-03A 

The  programmed  30-sec  engine  firing  was  successfully  accom¬ 
plished.  Engine  start  and  shutdown  transients  are  presented  in  Fig.  9. 
Table  VII  presents  selected  engine  valve  operating  times  for  engine 
start  and  shutdown.  Test  cell  pressure  and  combustion  chamber  pres¬ 
sure  during  the  firing  are  presented  in  Fig.  10.  Pressure  altitude  at 
engine  start  was  101,  000  ft  and  attained  a  maximum  of  97,  000  ft 
(geometric  pressure  altitude.  Ref.  4)  during  main-stage  operation. 
Combustion  chamber  pressure  reflects  the  propellant  utilization  valve 
excursion  at  about  to  +  10  sec,  which  effectively  changed  the  engine 
mixture  ratio  from  5. 0  to  5.5.  Thermal  conditions  of  selected  engine 
components  are  shown  in  Fig.  11. 

Test  conditions  for  firing  03A  were  selected  to  repeat  conditions 
for  firing  02A,  except  for  thrust  chamber  resistance  to  fuel  flow  (the 
test  variable).  These  test  conditions  are  compared  in  Table  VIII.  The 
engine  was  reorificed  between  tests  02  and  03.  The  orifice  diameters 
effective  for  these  tests  are  presented  in  Table  II.  Figure  12  presents 
a  plot  of  the  resistance  to  fuel  flow  during  the  fuel  lead  and  gas  gener¬ 
ator  ignition  on  these  firings.  It  can  be  seen  that  firing  03A  had  lower 
fuel  system  resistance  as  a  result  of  its  colder  thrust  chamber  pre¬ 
chill.  Both  firings  (02A  and  03A)  had  3-sec  fuel  leads.  A  comparison 
of  the  gas  generator  ignition  transients  for  these  firings  (Fig.  13)  indi¬ 
cates  the  gas  generator  developed  higher  power  and  experienced  a 
faster  start  on  firing  02A.  The  gas  generator  shutdown  transient  on 
firing  03A  (Fig.  14)  was  normal. 

The  gas  generator  ignition  occurred  at  tg  +  0.  669  sec  on  firing  03A, 
as  compared  to  tg  +  0.  642  sec  on  firing  02A.  The  lower  fuel  system  re¬ 
sistance  on  firing  03A  produced  lower  gas  generator  fuel  injector  pres¬ 
sure  during  the  start  transient.  The  lower  fuel  injector  pressure  and 
delayed  gas  generator  ignition  on  firing  03A  produced  lower  gas- gener¬ 
ator  power  during  the  bootstrap  transient  period.  This  lowei'  power 
produced  a  slower  buildup  rate  of  the  fuel  and  oxidizer  turbine  speeds 
(Fig.  15).  Therefore,  a  longer  time  was  required  for  thrust  chamber 
ignition  and  for  combustion  chamber  pressure  to  attain  main-stage 
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operation  on  firing  03A  (indicated  by  the  time  required  for  combustion 
chamber  pressure  to  attain  550  psia;  this  time  was  tg  +  1.  925  sec  on 
firing  03A,  as  compared  to  to  +  1.  854  sec  on  firing  02A).  The  gas 
generator  outlet  temperature  peaked  at  2490°F  on  firing  03A,  as  com¬ 
pared  to  2080°F  on  firing  02A.  The  gas  generator  oxidizer  supply  line 
temperature  probably  contributed  to  this  excessive  temperature  peak 
on  firing  03A.  The  line  was  colder  than  desired  during  this  test  period, 
as  indicated  by  a  comparison  of  these  line  temperatures  for  firings  02A 
and  03A  in  Fig.  16.  The  main  oxidizer  valve  began  its  second-stage 
ramp  during  oxidizer  dome  prime  (to  +  1.001  sec);  therefore,  no  gas 
generator  outlet  second  peak  temperature  was  experienced. 

Augmented  spark  ignition  was  detected  236  msec  after  helium  con¬ 
trol  solenoid  "on"  for  firing  03A,  as  compared  to  220  msec  on  firing  02A, 
Vibration  safety  counts  (vibration  measured  in  excess  of  150  g)  were 
recorded  for  35  msec  during  main  chamber  ignition.  Fuel  pump  per¬ 
formance  (Fig.  17)  indicates  a  conservative  stall  margin  was  main¬ 
tained  during  the  engine  start  transient. 

Engine  steady-state  performance  data  are  presented  in  Table  IX. 

The  data  presented  were  for  a  1-sec  data  average  of  test  measurements 
from  29  to  30  sec  and  were  computed  using  the  Rocketdyne  PAST  640 
modification  zero  performance  computer  program.  Engine  test  meas¬ 
urements  required  by  the  program  and  the  program  computations  are 
presented  in  Appendix  IV.  Engine  performance  for  this  test  was  higher 
than  nominal.  Normalized  data,  to  standard  engine  performance  values, 
computed  by  the  program  revealed  that  the  gas  generator  oxidizer 
supply  orifice,  the  gas  generator  fuel  supply  orifice,  and  the  oxidizer 
turbine  bypass  orifice  were  all  slightly  undersized. 

4.2.2  Firing  J4-1801-03B 

This  firing  was  terminated  at  tg  +  1.  25  sec  by  the  engine  safety 
cutoff  system  because  the  failure  of  the  gas  generator  outlet  tempera¬ 
ture  probe.  This  was  a  new  probe  which  had  been  installed  before 
test  03.  The  failure  of  this  probe  is  attributed  to  the  excessive  gas 
generator  temperature  peaks  experienced  during  this  test  period. 

Engine  start  and  shutdown  transients  of  selected  parameters  are  pre¬ 
sented  in  Fig.  18.  Table  VH  presents  selected  engine  valve  operating 
times  for  engine  start  and  shutdown.  Test  cell  pressure  and  combus¬ 
tion  chamber  pressure  during  the  firing  are  presented  in  Fig.  19. 
Pressure  altitude  at  engine  start  was  105,  000  ft.  The  thermal  condi¬ 
tions  of  engine  components  are  shown  in  Fig.  20. 
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The  gas  generator  ignition  and  shutdown  transients  of  selected 
parameters  are  presented  in  Fig.  21.  The  energy  added  to  the  start 
tank  gas  by  the  warm  turbine  cQmponents  in  addition  to  the  power 
developed  by  the  gas  generator  was  sufficient  to  produce  a  fast  buildup 
rate  of  the  oxidizer  turbine  speed  (Fig.  18).  This  produced  hydraulic 
torque  sufficient  to  delay  the  beginning  of  the  second-stage  ramp  of  the 
main  oxidizer  valve  until  to  +  1.  195  sec  ( 194  msec  slower  than  for 
firing  03A). 

The  gas  generator  oxidizer  supply  line  temperature  (Fig.  16), 
similar  to  the  temperature  experienced  on  firing  03A,  probably  con¬ 
tributed  to  the  excessive  gas  generator  temperature  peak  and  tempera¬ 
ture  probe  failure  encountered  on  this  firing. 

Fuel  pump  performance  data  (Fig.  22)  indicate  a  conservative  stall 
margin  was  maintained  during  the  start  transient.  Vibration  safety 
counts  were  recorded  for  9  msec  during  main  chamber  ignition. 


4.3  POST-TEST  INSPECTION 

Engine  inspection  after  this  test  period  revealed  that  no  apparent 
augmented  spark  igniter  erosion  had  occurred.  However,  the  first 
stage  of  the  fuel  turbine,  both  stator  and  wheel  blades,  was  eroded. 
Also,  small  cracks  were  found  in  the  curvic  coupling  of  the  fuel  turbine 
first -stage  wheel.  Rocketdyne  approved  delaying  replacement  of  the 
turbopump  assembly  until  after  the  next  test  period. 


SECTION  V 

SUMMARY  OF  RESULTS 


The  results  of  the  two  Rocketdyne  J-2  rocket  engine  firings  con¬ 
ducted  on  July  26,  1967,  in  Test  Cell  J-4  are  summarized  as  follows: 

1.  Increased  thrust  chamber  resistance  to  fuel  flow  results  in  a 
faster  buildup  rate  of  gas  generator  power  and  thrust  chamber 
pressure  during  the  bootstrap  transient  period. 

2.  Test  data  indicate  the  temperature  of  the  gas  generator  oxidizer 
supply  line  was  probably  the  primary  factor  influencing  the 
excessive  initial  peak  temperatures  (above  2400°F)  experienced 
on  these  firings. 

3.  For  the  S-IVB/S-V  restart  with  maximum  first  orbit  start 
energy  (firing  03B),  the  beginning  of  the  main  oxidizer  valve 
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second-stage  ramp  was  194  msec  slower  than  for  the 
S-IVB/S-V  first  burn  with  maximum  start  energy  (firing  03A). 

4.  No  gas  generator  outlet  second  peak  temperature  was  experi¬ 
enced  for  the  S-IVB/S-V  first  burn  firing  with  maximum 
starting  energy  (firing  03A). 

5.  A  conservative  fuel  pump  stall  margin  was  maintained  during 
the  engine  start  transients  of  this  test  period. 
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Oxidizer  Dome  end  GO 
Oxidizer  Purge  Flow 

Main  Fuel  and  A  SI 
Propellant  Flow 
Fuel  Temperature  OK  Signalf- 

Igpit ion- Phase  Timer  Ener¬ 
gized  0.450  ±  0.030  sec 


I  I  I 

He  Control ,  Start  Tank  Discharge  Delay| 
Timer,  ASI  and  GG  SparkB  on  Ignition- 
Phase  Control  SolenoLd  Energized 


□Main  Fuel  Valve  Open 
t  ASI  Oxidizer  Valve  Open 


▼  •ASI  Ignition  , Detected 

▼  Start  Tank  Discharge  Delay  Timer  Expires 
STDV  Delay  0.640  ±  0.030  sec 


Pump  Buildup 

Ignition-Phase  Timer  Expires 
Main-Stage  Signal 

Purge  Control  Valve  Closed 
Main  Oxidizer  Flow 

GO  Propellant  Flow 

Oxidizer  Turbine  Bypass  Valve  Closed 
Main-Stage  OK  Signal 


a  STDV  Open 
. GH2  Flow 


Bypass  Flow  through  Normally  Open 
Oxidizer  Turbine  Bypass  Valve 

I  I  I 


▼  Main-Stage  Control,  Solenoid  Energized 
Sparks  De-Energized ,  Timer  Energized 


°  '  I  . 

d  STDV  Closed  | 

°  MOV  Starts  to  Open 


*  GG  Valves  Open 


3.30  ±  0.20  sec 


3 MOV  Full  Open 


ASI  and  GG  Sparks  De-Energized 


90-percent  ThrustT 


a.  Start  Sequence 


Signal  Tine,  see 

Cutoff  Signal 

GG  Valve  Close  (Oxidizer) 
GG  Valve  Close  (Fuel) 

ASI  Oxidizer  Valve  Close 

MOV  Close 

Main  Fuel  Valve  Close 

Oxidizer  Dome  Purge  and  GG 
Oxidizer  Purge  on 

He  Control  Solenoid 
De-Energizes 

Bleed  Valves  Open 


b.  Shutdown  Sequence 
Fig.  7  Engine  Start  and  Shutdown  Sequence 
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AE  DC-T  R-67-209 


Time  Index  Lines,  1-sec  Intervals 

Fire  Command  i 

Prevalves  Open  Signal  , 

Recirculation  Pumps 

Off  Signal 

Recirculation  Valves 

Close  Signal 

Engine  Start  Signal 

Start  Tank  Discharge 

Valve  Open  Signal 

Wi 

K 

Wi 

kj| 

W4 

2 

1 

3 

i 

^Nominal  Occurrence  Time  (Function  of  Prevalves  Opening  Time) 
2 One-sec  Fuel  Lead  (S-II/S-V  and  S-IVB/S-IB) 

2Eight-sec  Fuel  Lead  (S-IVB/S-V  and  S-IB  Orbital  Restart) 


c.  Normal  Logic  Start  Sequence 


Time  Index  Lines,  1-sec  Intervals 

Fire  Command  l 

Prevalves  Open  Signal  L 

Engine  Start  Signal 

Oxidizer  Recirculation 
Pump  Off  Signal 

Fuel  Recirculation 

Pump  Off  Signal 

Recirculation  Valves 

Close  Signal 

Start  Tank  Discharge 

Valve  Open  Signal 

i 

A 

a 

L 

l 

i 

] 

A 

^"Three-sec  Fuel  Lead  (S-IVB/S-V  First  Burn) 


d.  Auxiliary  Logic  Start  Sequence 
Fig.  7  Concluded 
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TEMPERATURE,  UF  TEMPERATURE, 


AEDC-TR- 67-209 


-280 


-290 


-300 


30  40  50 

PRESSURE,  PSIA 


a.  Oxidizer  Pump  Inlet 


-415 


-420 


-425 


- 1  1 - 1  1  1  1 

SAFE  START  ENVELOPE 

i 

9BHN 

a 

■ 

■ 

■ 

is 

a 

a 

a 

a 

■ 

B 

a 

a 

a 

a 

a 

a 

a 

a 

a 

i m 

a 

a 

a 

| 

a 

3B 

a 

a 

■ 

■ 

i 

— 

a 

a 

a 

a 

a 

30  40  50 

PRESSURE.  PSIA 


b.  Fuel  Pump  Inlet 

Fig.  8  Engine  Start  Conditions  for  Pump  Inlets,  Start  Tank,  and  Helium  Tank 
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TEMPERATURE, 


PUMP  SPEED.  RPM  X  10‘3  PUMP  SPEED.  RPM  X  10’3 


PUMP  SPEED.  RPM  X  10°  PUMP  SPEED.  RPM  X  10  3 


AEDC-T  R-67-209 


30  31  32  33 


TIME.  SEC 

THRUST  CHAMBER  FUEL  SYSTEM 


30  31  32  33 


TIME,  SEC 

THRUST  CHAMBER  OXIDIZER  SYSTEM 

b.  Shutdown  Transient 
Fig.  9  Concluded 
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TIME,  SEC 


Fig.  10  Engine  Ambient  and  Cambuitlan  Chamber  Pressures,  Firing  03A 


TEMPERATURE,  of  TEMPERATURE.  °P  TEMPERATURE. 


TIME.  MIN 

a.  Pneumatic  Regulator,  TBHR-2 


TIME.  MIN 

b.  Main  Oxidizer  Closing  Control  Line  Temperature,  TSOVAL-2 


TIME.  MIN 

c.  Main  Oxidizer  Valve  Second-Stage  Actuator,  TSOVC-2 
Fig.  11  Thermal  Conditioning  History  of  Engine  Components,  Pre-Fire  03A 


TEMPERATURE.  °F  TEMPERATURE.  °F 


AEDC»TR-67*209 


CONDITIONING  TARGET  -20±  15°F 


TIME.  MIN 

d.  Crossover  Duct,  TFTD 


0 


-100 


-200 


TIME.  MIN 

e.  Thrust  Chamber  Throat,  TSC2-19 
Fig.  11  Concluded 
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POSITION,  PERCENT  OPEN  TEMPERRTURE.  °F 


AEDOTR-67-209 


0  12  3 


TIME.  SEC 

o.  Gos  Generator  Outlet  Temperature  ond  Chamber  Pressure 


0  12  3 


TIME.  SEC 

b.  Gas  Generator  Fuel  Injector  Pressure  and  Moin  Oxidizer  Valve  Position 
Fig.  13  Gos  Generator  Start  Tronsient  Comparison  of  Firings  02A  ond  03A 
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CO 

to 


2800  r 
2400 
2000  + 

°  1600  + 

& 

LU 
£E 


(X 

CC 


1200  \  uJ 


£  800- 

LU 

I— 

400  ~ 
0 

-400 


CO 

Cl 


cr 

ZD 

CO 

CO 

LU 

CC 

CL 


30 


31 


32 


33 


TIME,  SEC 


Fig.  14  Go*  Generator  Shutdown  Transient,  Firing  03A 


AE  DC-T  R. 67*209 


PUMP  SPEED,  RPM  PUMP  SPEED,  RPM  PRESSURE,  PSIA 


AE  DC-T  R-67-209 


TEMPERATURE  DATA  ATI  ■  0  SEC 


Fig.  16  Gas  Generator  Oxidizer  Supply  Line  Temperatures, 
Firings  02A,  03A,  and  03B 
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00 

on 


Fig.  17  Fuel  Pump  Start  Transient  Performance,  Firing  03A 


AEDC-T  R-67-209 


PUMP  SPEED.  RPM  X  10°  PUMP  SPEED.  RPM  X  10° 


AEDC-T  R -67*209 


0  12  3 

TIME,  SEC 

a.  Fuel  System 


10 


8 


6 


ij 


2 


0 


0  12  3 


TIME,  SEC 


b.  Oxidizer  System 

Fig.  18  Engine  Start  and  Shutdown  Transients,  Firing  03B 
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TIME,  SEC 


Fig.  19  Engine  Ambient  and  Combustion  Chamber  Pressure,  Firing  03B 


TEMPERATURE.  °F  TEMPERATURE.  oF  TEMPERATURE.  °F 
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TIME,  MIN 


o.  Pneumotic  Regulotor,  TBHR-2 


TIME.  MIN 

b.  Moin  Oxidizer  Closing  Control  Line,  TSOVAL-2 


— 

— 

— 

n 

C( 

)Nor 

non 

ING 1 

IARGET  -2 

25  t 

10°F 

l\ 

j\ 

T 

L 
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r 

\ 

E 

NGIS 

JECl 

IT  OFF 

:  ON  1 

FIRII 

ic  a 

\ 

_ 

— 

_ 

_ 

Z 

-40  -30  -20  -10  0 

TIME,  MIN 

c.  Main  Oxidizer*  Second-Stoge  Actuotor,  TSOVC-2 
Fig.  20  Thermol  Conditioning  History  of  Engine  Components,  Pre-Fire  03B 
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AEDC.TR. 67-209 


TIME.  MIN 

d.  Crossover  Duct,  TFTD 
Fig.  20  Concluded 
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POSITION.  PERCENT  OPEN  TEMPERATURE.  °F 


AEDC.TR. 67*209 


TIME.  SEC 

a.  Gas  Generator  Outlet  Temperature  and  Chamber  Pressure 


100 


80 

60 

40 

20 

0 


0  12  3 


TIME.  SEC 


b.  Gas  Generator  Fuel  Injector  Pressure  and  Main  Oxidixer  Valve  Position 
Fig.  21  Gas  Generator  Ignition  and  Shutdown  Transients,  Firing  03B 
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HEAD,  HF-1,  FEET  X  10 


0  1  2  3  4  5  6  7  8  9  10 

FLOW,  QF-2,  GPM  X  10"3 


Fig.  22  Fuel  Pump  Start  Transient  Performance,  Firing  03B 
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TABLE  I 

MAJOR  ENGINE  COMPONENTS 


Part  Name 

P/N 

S/N 

Thrust  Chamber  Body 

206600-31 

4076553 

Thrust  Chamber  Injector  Assembly 

208021-11 

4084917 

Fuel  Turbopump  Assembly 

459000-161 

4062324 

Oxidizer  Turbopump  Assembly 

458175-71 

6623549 

Start  Tank 

303439 

0064 

Augmented  Spark  Igniter 

206280-21 

3661349 

Gas  Generator  Fuel  Injector  and  Combustor 

308360-11 

2008734 

,  Pneumatic  Control  Assembly 

556947 

4079720 

Electrical  Contro1  Package 

502670-11 

4081748 

Primary  Flight  Instrumentation  Package 

703685 

4078716 

Auxiliary  Flight  Instrumentation  Package 

703680 

4078718 

Main  Fuel  Valve 

409120  : 

4056924 

Main  Oxidizer  Valve 

411031 

4089563 

Gas  Generator  Control  Valve 

309040 

4078714 

Start  Tank  Discharge  Valve 

306875 

4079062 

Oxidizer  Turbine  Bypass  Valve 

409940 

4048489 

Propellant  Utilization  Valve 

251351-11 

4068944 

Main-Stage  Control  Valve 

558069 

8313568 

Ignition  Phase  Control  Valve 

558069 

8275775 

Helium  Control  Valve 

106012000 

342270 

Start  Tank  Vent  and  Relief  Valve 

55  7828-X2 

4046446 

Helium  Tank  Vent  Valve 

106012000 

342277 

Fuel  Bleed  Valve 

309034 

4077749 

Oxidizer  Bleed  Valve 

309029 

4077746 

Augmented  Spark  Igniter  Oxidizer  Valve 

308880 

4077205 

P/A  Purge  Control  Valve 

557823 

4073021 

Start  Tank  Fill /Refill  Valve 

558000 

4079001 

Fuel  Flowmeter 

251225 

4077752 

Oxidizer  Flowmeter 

251216 

4074114 

Puel  Injector  Temperature  Transducer 

NA5-27441 

12401 

Restartable  Ignition  Detect  Probe 

XEOR915  389 

211 
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TABLE  II 

SUMMARY  OF  ENGINE  ORIFICE 


Orifice 

Part 

1801-02 

1801-03 

Comments 

Name 

Number 

Diameter 

Gas  Generator  Oxidizer 
Supply  Line 

RD251-4106 

0.  276  in. 

0.  284  in.  ' 

Augmented  Spark 

Igniter  Oxidizer 

406361 

0.  110  in. 

0.  110  in. 

Thermostatic  Orifice 

Oxidizer  Turbine 

Bypass  Nozzle 

RD273-8002 

1.  300  in. 

1 , 430  in. 

Gas  Generator  Fuel 
Supply  Line 

RD273-4 107 

0.  472  in. 

0.  489  in. 

Main  Oxidizer  Valve 
Closing  Control 

410437 

0.  34  scfm. 

1 

8.  34  scfm. 

Oxidizer  Turbine 

Exhaust 

RD251-9004 

"  'i 

9.  99  in. 

9. 99  in. 

Installed  on  the  Engine 
before  Shipment  to  AEDC 

A  E  DC -TR -67-209 
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TABLE  III 

ENGINE  MODIFICATIONS  AT  AEDC  BETWEEN  TESTS  J4-1801-02  AND  J4-1801-03 


Modification 

Completion* 

Date 

Description  of 

Modification 

RFDt-44-l-67 

Moved  TOBS-5  to  TOBS-2A 

RFD-56-67 

Installed  One  Heater  and  One 
Thermocouple  on  Both  the 
Electrical  Control  and  the 

Primary  Instrument  Packages 

RFD-55-67 

7-24-67 

Installed  Gas  Generator  Fuel 
\ 

Supply  Orifice 

Installed  Gas  Generator  Oxidizer 
Supply  Orifice 

Installed  Oxidizer  Turbine 

Bypass  Nozzle 

RFD-54-67 

Installed  Turbine  Component 
Isolation  Insulation 

RFD-5  7-6  7 

Modified  Oxidizer  Pump 

Discharge  Pressure  Sensing 

Line  (Static  Stage) 

f  RFD  -  Rocketdyne  Field  Directive 


All  Dates  Not  Available  from  Rocketdyne 


TABLE  IV 

ENGINE  COMPONENT  REPLACEMENTS  (BETWEEN  TESTS  J4-1801-02  AND  J4-1801-03) 


Replacement 

Completion 

Date 

Component 

Replaced 

UCRt  No.  007971 

7-24-67 

Gas  Generator  Chamber  and 

Oxidizer  Pump  Seal  Cavity 

Pressure  Transducer 

Replaced  for 

7-17-67 

Gas  Generator  Outlet 

Reliability 

Temperature  Probe 

t  UCR  -  Unsatisfactory  Condition  Report 
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TABLE  V 

ENGINE  PURGE  AND  COMPONENT  CONDITIONING  SEQUENCE 


CJl 


It  min  vv! 


WAMW 


/oHj  min 


tail 


Thrust  Chamber 

Temperature 

C  or.dit  inning 


Helium;  IT  |4  pat* 
SO  200*F 
iNomliul)  10  acfm 


Helium.  11)00  p*ig 

30(PF  la  Ambler! 
10  ■  TO 


Main  Ot'ULcer  Valve 
Cloefog  Control  Llrie 
CowLDJXmhsM) 


Helium,  30CPF 

ta  Acnblettf 


Helium,  -JtWF 

to  Ambient 


*  Times  ti  e  adjusted  fur  uti«  and  Lwo  orbJl  restart  aiiuulatlmi  firings. 


Ttirbopump  and  G*a 
Generator  Purge 
(Purge  Manifold 
m| 


u 


Hclium,  02  *  12}  pu  u. 

50  -  TOC^F 
.  (NumLnal)  0  ecFm 
at  l  ui turner  Connect 


OubJlser  IXimr  and 
Cm  Generator  Liquid 
Ox^ra  injector 
(Unglue  Pneumatic 
SytifRil 


Nitrogen,  400  t  U  pa  if 
50  -  TOiTF 
(MlnLmumJ  JTO  ecfm 


Chtidiier  Dome 
F  rilllv  Line  La 
Tort  COJAJ 


Nitrogen,  tCK>  450  p* Lg 
100  -  tOCTF 
(Nuauiul)  200  eclra 


jj  1  «c  (Supplied  by 
If  frig  for  Helium  Tw* 
11  during  Start  end 
Cute!)  Tniutnii) 


In  Add  11  km  In 


Cc-1  ri 


Pump  liiLei 
Preaaure  eed 
Temper  alu  re 
CafaUUuning 


LvdrDgen  ’Start  Tank 
ami  Helium  Tank 
Pmnaure  and  Tem¬ 
perature  conditioning 


CrtiaacTfr  Dut'l 

Temperature 

Conditioning 


Helium.  -3tJ0*F 

(0  Ambient 


Main  Oaidixer  Valve 
Actual  or  Tempera 
turc  Conditioning 


Helium;  Jww  F 

to  Ambient 


Time,  huh® 

■0  I'M  t  *  40  *  -  TO  t  -  1ft  t  m  I  *  G  I  *  10 


n*  at  Knjint 
C  aloft - i 


Mam  Stage  Opera!  ton  — 
CSuppUad  trr  fcofuu 
Hr  turn  Twilit 


CbJilmr,  35  to  4  B  puia 
-m  to  -wr 
Fuel;  28  ll>  4fi  p#Tl* 
-424  to  4  IFF 


Hydrogen; 

Helium, 


1 300  (0  1400  pern 
-3M  fo  -UlPF 
1700  la  3250  pela 
-300  la  -I44PF 


Pneuraetk:  Regulator 
Temper  aiUTn 
Conditioning 


pa — FiPpcllanl  Orsp 


OkblUer  Tai  bopntop 
Intermediate  Seal 


Civ  It  y  {Engine 
l^nx.  umatic  Svatem) 


Helium,  4lH)  *  25  palg 
Ambient 
T  am  pent ure 

2000  "QQD  ncfai 


Thrum  Chamber 

Jacket 

iCulamcr  Connect  I 
Panel 


(  m  ip  Minimum  raiinrinf 

Elacir-jiil  alien - 1 

1  co  1  min 


Helium;  40  00  rsig 

50  2MPF 
1  Nominal)  60  ac£m 


®ComparwnL  conditions  it  be  maintain  within  limit#  fur  Last  20  min  before  angina  start  or  CQa at  Cbiratittn, 
whichever  ia  longer. 

'^'CatnpcBvant  cucuiillDna  to  be  maintained  within  ttmlia  far  last  15  min  ha  fore  engine  start. 
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TABLE  VI 

SUMMARY  OF  TEST  REQUIREMENTS  AND  RESULTS 


Firing  Number.  J4-1801-03 

03  A 

03B 

Target  |  Actual 

Target  j  Actual 

Time  of  Day,  hr/  Firing  Date 

1240  ^ 

1 259  ^ - 

^ - July  26.  1967 

July  26,  1967  | 

Pressure  Altitude  at  Engine  Start,  ft  I  Ref.  4) 

i 00,  000  101.000 

100,  000 

105, 000 

Firing  Duration,  sec® 

30  30.072 

5 

1  245 

Fuel  Pump  Inlet  Conditions 
at  Engine  Start 

Pressure,  psia 

28.  Otl.O 

29.6 

28.0  t  1,0 

Hil 

Temperature.  *F 

-420  4  i  0.  4 

-420.6 

-421.  5  x  0.  4 

1 

Oxidizer  Pump  Inlet 

Pressure,  paia 

48  0;  1.0 

48.  6 

4 B .  0  t  i.  0  47.  8 

Condition*  at  Engine  Start 

Trm|>eriture,  * F 

-295.  3  z  0.  5 

-294.6 

-295.  3  i  O.i 

-294. 3 

Start  Tank  Conditions 
at  Engine  Start 

Pressure,  psla 

WEMm 

1400  ±  10 

1401 

Temperature,  *F 

i  eexB 

-240  t  0 

-242.  8 

Helium  Tank  Conditions 
at  Engine  Start 

Pressure,  psia 

--- 

2143 

... 

2119 

Temperature,  * F 

-207. 7 

-242.  b 

Thrust  Chamber  Temperature 
Conditions  at  Engine  Sturt,  *F 

- 1 

Throat 

-200  ±  15 

-186 

110 

Average 

-187 

23 

Crossover  Duct  Temperature 
at  Engine  Start.  *F® 

TFTP-2 

-20  ±  15 

-73 

464 

TFTD-3 

-38 

181 

-34 

3B1 

.Main  Oxidizer  Va.ve  Closing  Control  Line 
Temperature  at  Engine  Start,  *F® 

-1001  10 

-132 

-150  t  10 

] 

163 

Maui  Oxidizer  Valve  Second-Stage 

Actuator  Temperature  at  Engine  Start,  *F^ 

-  175  ±  10 

-299 

-225  r  10 

-321  I 

Pneumatic  Control  Package  lemperalure 
at  Engine  Start,  *F® 

-100  *  10 

-95 

-150  x  10 

-178 

. _  1 

Fuel  Lead  Tune,  sec® 

3 

3.  002 

8 

7.  992 

Propellant  in  Engine  Time,  min 

44 

143 

... 

to 

Propeilnnl  Recirculation  Time,  min 

t0  -H 

-11 

•o  -n 

.  Prevalve  Sequencing  Logic 

Auxiliary 

Auxiliary 

Normal 

Normal  ' 

Bootstrap  Line  Temperature  at 
t  •  0.  *F 

Toas-i 

--- 

-134 

-126 

TOBs-2 

... 

-159 

.  •»*  J 

TOBS-2A 

-  249 

... 

-265 

— 

Siart  Tank  Diitcharge  Valve  Body 

Temperature  at  Engine  Sturt,  *F 

-95 

-123 

Vibration  Safety  Counts  Duration  (msec) 
and  Occurrence  Tune  (seel  from  tg 

25 

o.  e&7 

9 

0.  968 

Gas  Generator  Outlet 

Temperature,  *F 

2491 

■NBEBM 

Main  Chamber  Ignition  tPc  •  lOO  p*U) 

Time,  aec*(Hef.  io  1® 

1.002 

... 

0.  962 

Mam  Oxidizer  Valve  Second-Stage  lnrial 

I  Movement,  sec  (Ref.  tg)® 

1.002 

... 

1.  185 

Main-Stage  Pressure  No  2,  sec  (Ref.  to)® 

i.  638 

... 

550-psla  Chamber  Pressure  Attained,  sec 

Ref.  t0) 

... 

— 

i.  925 

... 

... 

Propellant  Utilization  Valve  Position  at 

Engine  Start,  deg  Engine  Start/tg  ♦  10  sec 

Null 

Closed 

Null 

Os  ed 

Open 

No 

Excursion 

Open^^ 

Data  reduced  from  oscillograph. 

Con»i>onent  conditioning  to  be  maintained  within  limits  for  last  15  min  before  engine  start. 

Component  conditioning  to  be  maintained  wlth.n  limits  for  la  a*.  .10  min  before  engine  atari  or  const  dLrution. 
whichever  is  longer. 
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TABLE  VII 

ENGINE  VALVE  TIMINGS 


Stilt 

“  ! 

Firing 

Number 

J4 - 1 801 • 

Start  Tank 

Discharge  Valve 

Main 

Fuel  Valve 

Main  Oxidizer  Valve 
First  Stage 

Main  Oxidizer  Valve 
Second  Stage 

Ga*  Generator 

Fuel  Poppet 

Gas  Generator 
Oiidiitr 

Poppet 

Oxidizer  Turbine 

By  put  a  Valve 

Time 

ol 

Opening 

Signal 

Valve 

Delay 

Time, 

sac 

Valve 

Opening 

Time, 

sec 

Time 

of 

Cloning 

Signal 

Valve 

Delay 

Time, 

anc 

Valve 

Cloning 

Time. 

sec 

T 1  me 

Of 

Opening 

Signal 

Valve 

Delay 

Time. 

sin 

Valve 

Opening 

Time, 

anc 

Time 

of 

Opening 

Signal 

Valve 

Delay 

Time, 

sec 

Valve 

Opening 

Time. 

set 

Time 

of 

0|»ering 

Signal 

Valve 

Delay 

Tune, 

l«C 

Valve 

Opening 

Time, 

■«c 

Time 

of 

flpenlng 

Signs! 

Valve 

Delay 

Time, 

*er 

Valve 

Opening 

Time, 

aec 

Time 

of 

Opening 

Signal 

Valve 

Delay 

Time. 

i« 

Valve 

Opening 

Time, 

sec 

Time 

nf 

Ctuaing 

Signal 

Vulve 

Delay 

Time. 

aec 

Valve 

Closing 

Time, 

nee 

03A 

0 

0.  ISC 

0.  150 

0  441 

0. 100 

0  2S3 

3. 0U1 

0.058 

0.  060 

0.  441 

0.  033 

ft  flfiO 

0.  441 

0.  530 

1.  7BG 

0  441 

0.  101 

0.  0  62 

0.  441 

0  212 

0  070 

0  441 

0.275 

0  312 

03B 

0 

0.  166 

0  154 

0.  441 

0  03* 

0  277 

■7.991 

0  038 

0  046 

t>.  441 

0  001 

0.0GB 

0  441 

ft.  754 

0.441 

0.  113 

0.065 

0. 44  J 

0  233 

0,  093 

0.  441 

0.  233 

0  30T 

Pre-Fire  Final 
Sequence 

0 

0  Oflfl 

0  101 

0  *47 

0.  003 

0,  245 

-l  010 

0.  047 

o.orts 

3  441 

0.049 

0.042 

0.  447 

0.590 

1.730 

0.447 

0.  077 

0.  041 

0.447 

0  13ft 

0.  053 

ft  441 

0.21$ 

0  263 

Full 

Sequence 

0 

0  1334 

0.  107 

0.  449 

0  001  | 

0  246 

-0.  997 

0. 041j 

0  0G3 

0.448 

C.  040 

0.042 

0.44  ft 

0.  Sflft 

1. 733 

0.449 

0.012 

0.045 

0.440 

0  135 

0.  053 

0.  448 

0. 204 J 

0  2U7 

4^. 

-O 


Shutdown 

Firing 

Main  Fuel  Valve 

Main  Ox  Mirer 

Valve 

Goa  Generate r 

Fuel  Poppet 

Ga«  Generator 
Oxidizer 

Poppet 

Oxidizel  Till  Line 

By  paws  Valve 

J4-1801* 

Time 

of 

Closing 

Signal 

Valve 

Delay 

Time, 

see 

Valve 

Closing 

Time, 

aec 

Time 

of 

Closing 

Signal 

Valve 

Delay 

rime, 

sec 

V  a !  v  *> 
Cloaing 
Time, 
aec 

Time 

Of 

Closing 

Signal 

Valve 
Del  ay 
Time, 
sec 

Valve 

Closing 

Tima, 

sec 

Time 

of 

Closing 

Signal 

Valve 

Delay 

Time, 

■  ec 

Valve 

Closing 

Time, 

sec 

Time, 

of 

Opening 

Signal 

Valve 

Delay 

Time, 

sec 

Valve 

Opening 

Time, 

ACC 

03A 

30  071 

ft  120 

0  330 

30.071 

0.  100 

0.245 

30.071 

0.  018 

0. 112 

30.071 

0.030 

0, 01S 

30.  071 

0.313 

0.566 

03  B 

1.  345 

0.  113 

0  310 

1.  24Q 

0  110 

1.345 

0,  091 

0  081 

1.  245 

0  023 

0  043 

1  245 

0.  1Y3 

U.  348 

prc-Firc  Final 
Sequence 

8.  003 

0  I>»v 

0  246 

B.  002 

0.  062 

0.  127 

8.0(12 

o.naa 

0.045 

ft.  002 

0.092 

0.020 

6.  002 

0.22a 

0.  $80 

Full 

Sequence 

20  828  | 

0.087 

0.  240 

29.  fi2ft 

0.  063 

0.  130 

29.625 

0.083 

0.  040 

2ft.  826 

1 

a.  056 

0.  023 

20,  626 

jo.  223 

0.575 

Nnlp*'  1 
2. 
3. 

1. 


All  valve  signal  times  are  referenced  to  t(j. 

Valve  delay  time  is  the  time  required  for  initial  valve  movement  after  the  valve  open  or  closed  adenoid  has  been  energized. 
Frid  Sftquonc.Ti  check  ia  conducted  without  propellants  and  within  12  hr  before  testing. 

Data  reduced  from  oscillogram. 
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TABLE  VIII 

COMPARISON  OF  TEST  CONDITIONS  FOR  FIRINGS  02A  AND  03A 


Firing  Number:  J4-1801- 

02A 

03A 

Fuel  Pump  Inlet 
]  Conditions  at  Engine  Start 

Pressure,  psia 
Temperature,  °F 

29.  6 
-420."  6 

Oxidizer  Pump  Inlet 
Conditions  at  Engine  Start 

Pressure,  psia 
Temperature,  °F 

47.  7 
-295. 8 

48.  6 
-294. 6 

Start  Tank  Conditions 
at  Engine  Start 

Pressure,  psia 
Temperature,  °F 

1395 

-203 

1394 

-203 

Thrust  Chamber  Temperature 
Conditions  at  Engine  Start,  “F 

Throat 

Average 

-186 

-187 

Crossover  Duct  Temperature 
Conditions  at  Engine  Start,  5F 

TFTD-3 

-17 

-38 

Main  Oxidizer  Valve  Closing  Control 

Line  Temperature  at  Engine  Start,  DF 

-96 

-132 

Main  Oxidizer  Valve  Second-Stage 

Actuator  Temperature  at  Engine  Start,  °F 

-166 

-299 

Pneumatic  Control  Package  Temperature 
at  Engine  Start,  °F 

-116 

-95 

Fuel  Lead  Time,  sec 

3.  000 

3.  002 

Bootstrap  Line  Temperature 
at  t  =  0,  °F 

TOBS-1 

TOBS-2 

TOBS-3 

-76 

-50 

-252 

-134 

-159 

-249 
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TABLE  IX 

ENGINE  PERFORMANCE  SUMMARY 


Firing  Number  J4-1801-03A 

Site* 

Normalized^ 

Time,  sec 

29.  5 

29.  5 

Thrust,  lbf 

229, 100 

226, 900 

Overall 

Engine 

Performance 

Chamber  Pressure,  psia 

773 

763 

Mixture  Ratio 

5.  69 

5.  66 

Fuel  Weight  Flow,  lbm/sec 

81.  2 

80.  5 

Oxidizer  Weight  Flow,  lbm/sec 

461.  8 

455.  1 

Total  Weight  Flow,  lb /sec 

543.  0 

535.  6 

Thrust 

Mixture  Ratio 

5.  911 

5.  878 

Chamber 

Total  Weight  Flow,  lb/sec 

535,  8 

528.  4 

Performance 

Characteristic  Velocity,  ft/sec 

7904 

7912 

Fuel 

Turbopump 

Pump  Efficiency 

73.  8 

73.  8 

Pump  Speed,  rpm 

26,  598 

26, 328 

Performance 

Turbine  Inlet  Temperature,  °F 

1263 

1235 

Turbine  Weight  Flow,  lb /sec 

7.  18  S 

7.  14 

Oxidizer 

Pump  Efficiency 

80.  4 

80.4 

Turbopump 
Performance  : 

Pump  Speed,  rpm 

8613 

8546 

Turbine  Inlet  Temperature,  °F 

821 

801 

Gas 

Generator 

Mixture  Ratio 

0.  978 

0.  961 

Performance 

Chamber  Pressure,  psia 

675.  8 

669.  0 

*Site  -  Test  Data 

^Normalized  -  Test  data  corrected  to  standard  pump  inlet  and 
engine  ambient  vacuum  conditions. 
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APPENDIX  III 

INSTRUMENTATION  AT  AEDC  FOR  J-2  ROCKET  ENGINE 
S/N  J2052  ON  TEST  J4-1801-03 


The  instrumentation  for  AEDC  Test  J4-1801-03  is  tabulated  in 
Table  III  —  1 .  The  location  of  selected  major  engine  instrumentation 
is  shown  in  Fig.  Ill- 1 . 
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TABLE  IIM 

LIST  OF  ENGINE  INSTRUMENTATION 


ABDC 

Cods 

Parameter 

Tup 

No 

Range 

Mlcro- 

SAD1C 

Magnetic 

Tape 

Oscillo-  Strip  X-Y 

graph  Chart  Plotter 

Current 

arr.p 

ICC 

Cor.U  cl 

0  to  3C 

K 

X 

nc 

Igruiior. 

0  to  3C 

X 

X 

Event 

EECL 

Engine  Cutoff  Lockin 

On, Off 

X 

X 

EECO 

Engine  Carol:  Signal 

Or-.' Off 

X 

X 

X 

EES 

Engine  S:a:t  Command 

On/Ofi 

X 

X 

EFBVC 

Tuel  Bleed  Valve  Closed  Limit 

Opzn/Closed 

X 

EFJT 

Fuel  Injector  Temperature 

On  /Off 

X 

X 

EFPVC/O 

Fuel  Prevalve  Closec/Open  Limit 

Closed, 'Open 

X 

X 

EHCS 

HeLuni  Control  Solenoic 

On /Off 

X 

X 

EJD 

Ignition  Detected. 

On/Off 

X 

X 

E3PCS 

Ignition  Phase  Control  Solenoid 

On/Off 

X 

X 

EMCS 

Main -Stage  Control  Solenoid 

On/Off 

X 

X 

EM  P-1 

Ma.r-S'age  Pressure  Wo.  1 

On,' Off 

X 

X 

EMP-2 

Ma in -Stage  Pressure  No.  2 

On/Off 

K 

X 

EOBVC 

Oxidizer  Bleed  Valve  Closed  Limit 

Open/Closed 

X 

BOPVC 

Oxidizer  Prevalve  Closed  Limit 

Closed 

>: 

X 

EOPVO 

Oxidizer  PrevaUe  Open  Limit 

Open 

X 

X 

ESTDCS 

Start  Tank  Discharge  Control 
Solenoid 

On /Off 

>: 

X 

X 

Sparks 

BASIS -1 

Augmented  Spark  Igniter  Spark 

No  1 

On  f  Off 

X 

BASIS -2 

Augmented  Spark  Igniter  Spark 

No  2 

X 

RGGS-l 

Gas  Generator  Spark  No  1 

On /Off 

X 

RGGS-2 

Gag  Generator  Spark  No  2 

On  /Off 

X 

Flows 

gpm 

QF-1A 

Fuel 

PFF 

0  to  9000 

X 

X 

QF-2 

Fuel 

PFFA 

0  to  9000 

X 

X 

X 

qfrp 

Fuel  Recirculation 

0  to  160 

X 

QO'IA 

Ox  lcuzer 

POF 

0  to  3000 

X 

X 

QO-2 

Oxmizcr 

POFA 

0  to  3000 

X 

X 

X 

QORP 

Oxidizer  Recirculation 

0  to  50 

X 

X 

Forces 

Ibf 

FSP-1 

Side  Load  (Pitch! 

±2C, 000 

X 

X 

FSY-1 

Side  Load  (Yaw) 

r20,  000 

X 

X 

Position 

Percent  Open 

LFVT 

Main  Fuel  Valve 

0  to  100 

X 

X 

LGGVT 

Gas  Generator  V^lve 

0 to  1 00 

X 

X 

l+OTBVT 

Oxidizer  Turbine  Bypass  Valve 

0  to  1 00 

X 

X 

LOVT 

Main  Oxidizer  Valve 

0  »o  100 

X 

X 

X 

LPUTOP 

Propellant  Utilization  Valve 

0  to  100 

X 

X  X 

LSTDVT 

Start  Tank  Discharge  Valve 

0  to  100 

X 

X 
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TABLE  111  -I  (Continued) 


AEDC 

Tap 

Micro* 

Magnetic 

Oscillo¬ 

Strip 

X-Y 

Code 

Parameter 

No 

Range 

SAD1C 

Tape 

graph 

Chart 

Plotter 

Pressure 

psia 

PA  1 

Test  Cell 

0  to  0  5 

X 

X 

PA  2 

Tost  Cell 

0  to  l  0 

X 

X 

PA  3 

Test  Cell 

0  to  5  0 

X 

X 

PC-1P 

Thrust  Chamber 

CGI 

0  to  1000 

X 

X 

FC-3 

Thrust  Chamber 

CG1A 

0  to  1000 

X 

X 

X 

PCASl-2 

Augmented  Spark  Igniter  Chamber 

1GL 

0  to  1000 

X 

PCGG-1P 

Gas  Generator  Chamber 

GGl 

1000 

X 

X 

X 

PCCG-2 

Ga;*  Generator  Chamber 

GG1A 

0  to  1000 

X 

PFASIJ 

Augmented  Spark  Igniter  Fuel 
Injection 

0  to  1000 

X 

PFJ-IA 

Mam  Fuel  Injection 

CF2 

0  to  1Q0C 

X 

X 

PFJ-2 

Mam  Fuel  Injection 

CF2A 

0  to  1000 

X 

X 

PFJGC-1A 

Gas  Generator  Fuel  Injection 

GF4 

0  to  1000 

X 

PFJGG-2 

Gas  Generator  Fuel  Injection 

GF4 

0  to  10C0 

X 

X 

PFMI 

FueL  JacKet  Inlet  Manifold 

CF1 

o  to  2000 

X 

PFOl-lA 

Fuel  Tapoff  Orifice  Outlet 

HF2 

0  to  1000 

X 

PFPC-1A 

Fuel  Pump  Balance  Piston  Cavity 

PF5 

0  to  1 300 

X 

PFPD-1P 

Fuel  Pump  Discharge 

PF3 

0  to  1500 

X 

PFPD-2 

Fuel  Pump  Discharge 

PF2 

0  to  1500 

X 

X 

X 

PFPl-l 

Fuel  Pump  Inlet 

0  to  100 

X 

X 

PFPl-2 

Fuel  Pump  Inlet 

0  to  200 

X 

X 

PFPI-3 

Fuel  Pump  Inlet 

0  to  230 

X 

X 

PFPS-lP 

FueL  Pump  Interstage 

PF6 

0  to  200 

X 

PFRPO 

Fuel  Recirculation  Pump  Outlet 

0  to  €0 

X 

PFRPR 

Fuel  Recirculation  Pump  Return 

0  lo  50 

X 

PFST-  \P 

Fuel  Start  Tank 

TF1 

0  to  1500 

X 

X 

PFST -2 

Fuel  Start  T ank 

TF1 

C  to  1500 

X 

X 

PFUT 

Fuel  Tank  Ullage 

0  to  100 

X 

PFVI 

Fuel  Tank  Repreaaunzation  Line 
Nozzle  Inlet 

0  to  1000 

X 

PFVL 

Fuel  Tank  Repressurization  Line 
Nozzle  Throat 

0  to  1000 

X 

PGBXl 

Bypass  Nozzle  Inlet 

TGfl 

0  to  200 

X 

PHECMO 

Pneumatic  Control  Module  Cutlet 

0  to  750 

X 

PPEOP 

Oxidizer  Recirculation  Pump 

Purge 

0  to  150 

X 

PHET-  IP 

Helium  Tank 

NNI 

0  to  3500 

X 

X 

PHET-2 

Helium  Tank 

NN1 

0  to  3500 

X 

X 

PHRO-1A 

Helium  Regulator  Outlet 

NN  2 

0  to  750 

X 

X 

POBSC 

Oxidizer  Bootstrap  Conditioning 

0  to  50 

X 

POBV 

Gas  Generator  Oxidi2er  Bleed 
Valve 

G02 

0  to  2000 

K 

POJ-1A 

Mam  Oxidizer  Injection 

C03 

0  to  1000 

X 

POJ-2 

Mam  Oxidizer  Injection 

CQ3A 

0  to  1000 

X 

X 

POJGG-  1A 

Gas  Generator  Oxidizer  Injection 

G05 

0  to  1000 

X 

X 
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TABLE  lll-l  (Continued) 


AEDC 

Code 

Parameter 

Tap 

No. 

Range 

Micro- 

SADIC 

Magnetic 

Tape 

OaclLlo-  Strip  X-Y 
graph  Chart  Plotter 

Pressure 

POJOO-2 

Gas  Generator  Oxidizer  Injection 

G05 

0  to  1000 

X 

POPBC-1A 

Oxidizer  Pump  Bearing  Coolant 

POT 

0  to  500 

K 

POPD-1P 

Oxidizer  Pump  Discharge 

PD3 

0  to  1600 

X 

POPD-2 

Oxidizer  Pump  Discharge 

PD2 

0  to  1600 

K 

X 

X 

POPI-1 

Oxidizer  Pump  Inlet 

0  to  100 

X 

X 

POPI-2 

Oxidizer  Pump  Inlet 

0  to  200 

X 

X 

POPI-3 

Oxidizer  Pump  Inlet 

0  to  100 

X 

POPSC-1A 

Oxidizer  Pump  Primary  Seal 
Cavity 

P06 

0  to  50 

X 

PORPO 

Oxidizer  Recirculation  Pump 
Outlet 

0  to  115 

X 

PORPR 

Oxidizer  Recirculation  Pump 
Return 

0  to  100 

X 

POTI-1A 

Oxidizer  Turbine  Inlet 

TG3 

0  to  200 

X 

POTO-1A 

Oxidizer  Turbine  Outlet 

TG4 

0  to  100 

:c 

POUT 

Oxidizer  Tank  Ullage 

0  to  100 

X 

POVCC 

Main  Oxidizer  Valve  Closing 
Control 

0  to  500 

X 

X 

POV1 

Oxidizer  Tank  Re  pressurization 
Line  Nozzle  Inlet 

0  to  1000 

X 

POVL 

Oxidizer  Tank  R  press  jriz  at  ion 

Line  Nozzle  Throat 

0  to  1000 

X 

PPUV1-1A 

Propellant  Utilization  Valve  Inlet 

FOB 

0  to  1000 

X 

PPUVO-1A 

Propellant  Utilization  Valve 

Outlet 

pos 

0  to  500 

X 

PTCFJP 

Thrust  Chamber  Fuel  Jacket 
Purge 

0  to  100 

X 

PTPP 

Turbopump  and  Gas  Generator 
Purge 

0  to  250 

X 

Speeds 

rPm 

NFP-lP 

Fuel  Pump 

PFV 

0  to  30,  000 

X 

X 

X 

NFRP 

Fuel  Recirculation  Pump 

0  to  15,  000 

X 

NOP- IP 

Oxidizer  Pump 

POV 

0  to  12,  000 

X 

X 

X 

NORP 

Oxidizer  Recirculation  Pump 

Oto  15,000 

X 

Temperatures 

°F 

TA1 

Teel  Cell  (North) 

-50  to  +800 

X 

TAl 

Teat  Cell  {East) 

-50  to  *800 

X 

TA3 

Teal  Cell  (South) 

-50  to  +800 

X 

TA4 

Test  Cell  (West) 

-50  to  +800 

X 

TA1P-1A 

Auxiliary  Instrument  Package 

-300  to  +200 

X 

TBHR-1 

Helium  Regulator  Body  (North 
Side) 

-100  to  *-50 

K 

TBHR-2 

Helium  Regulator  Body  {South 
Side) 

-100  to  +50 

X 

X 

TBSC 

Oxidizer  Bootstrap  Conditioning 

-350  to  +150 

X 

TCLC 

Main  Oxidizer  Valve  Closing 
Control  Line  Conditioning 

-325  to  +200 

X 
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AEDC 

Code 

TECP  IP 

tfasij 

TF.A3il.-l 

TFASlL-2 

T7BV- 1A 

TFJ-1P 
TFPD-1P 
TPPD-2 
r  FPDD 
Th  PI  -  1 
r  FPI  2 
TFRPO 
TFRPR 

TFRT-L 

TFRT-2 

TFST-1P 

ri^T-2 

rFl‘D-1 

TFTD-1R 

TFTD -2 
TFTD  3 
TFTD-3R 
1  FT D - 4 
TFTD  4 R 
TFTD-5 

l  riD-6 

TFTD-  T 

TFTD  0 

TFTI-iP 

TFTO 

TGGO-lA 

THET-1P 

TMOVC 

TOBS  - 1 
1035-2 
TOBS-2A 
JOBS- J 
TOBS  -  4 
TOB5CI 

TOBSCO 

TOBV-1A 


TABLE  lll-l  (Continued) 


IO|, 

M  icro- 

Magnetic 

O^ciHo- 

S:np 

X-Y 

Parameici 

No 

Range 

SADIC 

f  ape 

gt  aph 

Chari 

Plotter 

Teat  put  o'er  os 

°F 

ELeclJjrjl  Conti  <  Is  Package 

NS  1  1A 

-  iOZ  tc  +  200 

X 

Augmented  Spark  lgnuci  Fuel 
Injection 

ii*  ri 

-4  25  to  -  10Q 

X 

Augmented  Spark  Janitor  L.ne 

T  emperature 

-  JCO  to  +200 

X 

Augmented  Spai  k  Ignler  Line 
Temper  atui  e 

-300  to  +300 

X 

.•uel  B_3ca  Vaiv  c 

G-"T1 

--,2a  to  -  175 

X 

Main  Fuel  InjecUun 

C  {*  T  2 

-425  to  t250 

X 

Fuel  Pump  Dischai  g* 

P  FT  l 

-425  to  -400 

X 

Fuel  Puni'J  Lise  ha  rye 

l*FI  1 

-42r>  to  -400 

X 

Fuel  Pump  Di  serial  go  Duet 

-  120  to  4  300 

X 

Fuel  Pump  Inlet 

-  125  to  -400 

X 

Fuel  Pump  Ir*Lut 

-  4  25  to  -400 

X 

Fuel  Rccir  cuirttion  Pump  Outlel 

-425  to  -410 

X 

Fuel  Recirculation  Pump 

Return  Line 

-425  to  -250 

X 

FueL  1  ank 

-425  -.o  -410 

> 

Fuel  Tank 

-425  to  -410 

X 

Fuel  Start  Tank 

TFT! 

-350  1  o  +100 

X 

Fuu.  Start  Tnrk 

T?n 

-35  5  tc  +100 

X 

Fuel  Turbine  Discharge  Duet 

-200  to  -800 

X 

Fuel  Turbine  Discharge 

Coilettoi 

-  200 ro  +000 

X 

Fuel  Turoinc*  Discharge  Duel 

-200  lo  +  J 300 

X 

Fuel  Turbine  Discharge  Duel 

-200  to  +1000 

X 

Fuel  Turbine  Discharge  Line 

-200  to  +900 

X 

Fuel  Turbine  Discharge  Dect 

-202  tc  - ] 003 

X 

Fuel  Turbine  Discharge  Lire 

-200  to  +ooo 

X 

Fuel  Turbine  Discharge  Duct 

-200  to  +1400 

X 

Fuel  Turbine  Discharge  Duct 

-200  to  + 1400 

X 

Fuel  Tuibine  Discharge  Duct 

-200  to  +  1400 

X 

Fuel  TurbLne  Discharge  Duct 

-  200  to  +  1400 

X 

Fuel  Turbine  Inid 

rFTi 

0  to  1000 

X 

Fuel  Turbine  Outlet 

TFT  2 

0  to  1800 

X 

Gas  Generator  Outlet 

GGT! 

0 10  1000 

X 

helium  Tank 

NN  [  l 

350  to  -130 

X 

Main  Ondi^ei  Valve  Actuator 
Condilioning 

-325  to  +2C0 

X 

Oxidizer  Bootstrap  Line 

-300  to  +250 

X 

Oxidizei  Bootstrap  Line 

-300  to  +250 

X 

Oxidizer  Boots! rap  Line 

-330  to  -r250 

X 

OxidLzer  Bootstrap  Line 

- 300  to  +250 

X 

Oxidzer  Boot.-itrao  Line 

-303  to  +250 

X 

Oxidizer  Boolstrap  Conditioning 
Inlet 

0  to  100 

X 

Oxulize*  Bootstrap  Conditioning 
Out.  el 

0  tc  100 

X 

Oxidizer  Bleed  Valve 

GOT  2 

-  330  to  -250 

X 
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TABLE  111*1  (Continued) 


AEDC 

Code 


Tap 

Micro- 

Magnetic 

Ov  illo- 

Si!  If! 

Parameter 

No 

Range 

SADIC 

Tape 

Chwi  t 

Temperature^  *F 


TOPB-lA 

Oxidizer  Pump  Bearing  Coolant 

POT  4 

-300  to  -250 

X 

TOPD-1P 

Oxidizer  Pump  Discharge 

POT  3 

-300  to  -250 

X 

TQPD-  2 

Oxidizer  Pump  DLscnarge 

POT3 

-300  to  -250 

X 

TOPI  - 1 

Oxidizer  Pump  Inlet 

-310  to  -270 

X 

TOPI-? 

Oxidizer  Pump  Inlet 

-310  to  -270 

X 

roKPO 

Oxidizer  Reci:  eulatian  Pump 
Outlet 

-3C0  to  -250 

X 

TORPIt 

Oxidizer  Recirculation  Pump 
Return 

-300  to  -  HO 

X 

TORT-1 

Oxidise:  Tunk 

-3C0  to  -2H7 

X 

TORT -3 

Oxidizer  Tank 

300  to  -237 

X 

TOTI-1P 

Oxicizer  Turbine  Inlet 

TCTo 

0  to  12D0 

X 

TOTO-JP 

Oxidizci  T  urbine  Outlet 

TGT4 

0  to  1000 

X 

TOVL. 

OxiJizer  Tank  Kepi  cssurization 
Line  Nozzle  Tnroat 

-300  to  +1C0 

X 

TPIP-'P 

Primary  In^t:  umem  Package 

-  300  to  ^200 

X 

TPPC 

Pneumatic  Package  Conditioning 

-325  to  +200 

X 

TSC2-1 

Thrust  Chamocr  Skin 

-300  *.0  +500 

X 

TbC2-2 

Turust  Cl.amhei  Sum 

-300  to  -500 

X 

TSC2-3 

thrust  Chamber  Skin 

-300  to  ^500 

X 

TSC2-4 

Fhk  ust  Chambei  Skin 

-300  to  +5  00 

X 

TSC2-5 

Ihrubi  Chamber  ^kin 

-500  to  4500 

X 

TSC2-5 

1  hrust  Chambe r  Skin 

-300  to  4 500 

X 

TSC2-7 

Thrust  Chamber  Skin 

300  to  +500 

X 

TSC2-B 

Tki  ust  Chambei  Sk.n 

-300  to  4500 

K 

TbC2-0 

Thrust  Chambei  Skin 

300  to  +500 

X 

T.SC2-10 

lhruht  Chirnoer  Skin 

-  300  to  *r500 

X 

TSC2-M 

Thrust  Chamber  Skin 

-300  to  +500 

X 

T3C2-12 

Thtust  Chambei  bkm 

300  to  +5CC 

X 

TSC2-1 J 

Thrust  Chambei  Skin 

300  to  +500 

X 

TSC2-14 

Thrust  Cnamber  Skin 

-300  to  +500 

X 

TSC2-15 

Thrust  Chamber  bkm 

-300  to  +500 

X 

TSC2lb 

Thrust  Chamber  Skin 

-300  to  +500 

X 

TSC2-17 

Tnrust  Chamber  Skin 

-300  to  +500 

X 

TSC2-1B 

Thrust  Chamber  Skin 

-300  to  +500 

X 

TSC2-1& 

Thrust  Chambei  Skm 

-3CD  to  -600 

X 

T6C2-20 

Thrust  Chamber  Skm 

-300  to  +500 

K 

TSC2-21 

Thrust  Chamber  Skin 

-  J00  to  +500 

X 

TSC2-22 

Thrust  Chamber  Skin 

-300  to  ^500 

X 

TSC2-23 

Thrus-  Chamber  Skin 

-300  tc  -500 

X 

TSC2-24 

Thrust  Chamber  Skin 

-300  la  +500 

X 

TSOVAL-1 

Oxidizer  Valve  Closing  Control 
Llt.o 

-200  io +10C 

X 

V-Y 

Koltu. 
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aedc 

Code 

TSOVAL-2 

TSOVC-I 

TSOVC-2 

TSTC 

TSTDVCC 

TSTDVOC 

TTC-lP 

TTCEP-1 

TXOC 

UFPR 

UOPR 

UTCD-J 

UTCD-2 

UTCD-3 

UlVSC 

U2V5C 

VCB 

VIH 

VIDA 

VPITTEP 


TABLE  lll-l  (Concluded) 


Parameter 

Tap 

No. 

Range 

Mic  ro- 
SADIC 

Magnetic 

Tape 

Uscillo-  Strip  X-Y 

graph  Chart  Plotter 

T  emperaturea 

*F 

Oxidizer  Valve  Closing  Control 
Line 

-230  to  4100 

X 

X 

Oxidizer  Valve  Actuator  Cap 

-325  to  4 J 50 

X 

Oxidizer  Valve  Actuator  Filter 
Flange 

-325  to  *150 

X 

Star!  Tank  Conditioning 

-350  to  *150 

X 

Start  Tank  Discharge  Valve 
Closing  Control  Port 

-350  to  4 1 00 

X 

Start  Tank  Discharge  Valve 
Opening  Control  Port 

-350  to  +1C0 

X 

Thruat  Chamber  Jacket 
{Control) 

csi 

-425  to  45CC 

X 

X 

Thruat  Chamber  Exit 

-425  to  450C 

X 

Crossover  Duct  Conditioning 

3  25  to  4200 

X 

VlbraLiona 

JL 

Fuel  Pump  Radial  30  deg 

±200 

X 

Oxidizer  Pump  Radial  90  deg 

±200 

X 

Thrust  Chamber  Dome 

±500 

X 

X 

Thrust  Chamber  Dome 

±500 

X 

X 

Thrust  Chamber  Dome 

±500 

X 

X 

No,  1  Vibration  Safety  Connie. 

On/Off 

X 

No.  2  Vibration  Safety  Counts 

On /Off 

X 

Voltage 

Volts 

Control  Bus 

0  to  36 

X 

1C 

Ignition  Bus 

0  to  36 

X 

X 

Ignition  Detect  Amplifier 

9  to  16 

X 

X 

Propellant  Utilization  Valve 
Excitation 

0  to  5 

X 
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Closing  Control  Line 


Main  Oxidizer  Valve 
ig.  Ill-l  Continued 
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AEDC-TR-67-209 


TSTDVCC 


o 


scharge  Valve 
Continued 


Liquid 


Control 

Regulator 


Ignition 

Control 


TBHR-2 


TBHR-1 


Helium  Inlet 


Ground  Vent  Control 


Main-Stage  Control 


Helium  Control 


Top  View 

e.  Helium  Regulator 
Fig.  1 1 1-1  Continued 
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start 

TANK 
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APPENDIX  IV 

METHODS  OF  CALCULATIONS  (PERFORMANCE  PROGRAM) 


TABLE  IV-1 

PERFORMANCE  PROGRAM  DATA  INPUTS 


Item 

No. 

Parameter 

1 

Thrust  Chamber  (Injector  Face)  Pressure,  psia 

2 

Thrust  Chamber  Fuel  and  Oxidizer  Injection  Pressures, 
psia 

3 

Thrust  Chamber  Fuel  Injection  Temperature,  °F 

4 

Fuel  and  Oxidizer  Flowmeter  Speeds,  Hz 

5 

Fuel  and  Oxidizer  Engine  Inlet  Pressures,  psia 

6 

Fuel  and  Oxidizer  Pump  Discharge  Pressures,  psia 

7 

Fuel  and  Oxidizer  Engine  Inlet  Temperatures,  °F 

8 

Fuel  and  Oxidizer  (Main  Valves)  Temperatures,  °F 

Propellant  Utilization  Valve  Center  Tap  Voltage,  volts 

Propellant  Utilization  Valve  Position,  volts 

■ I 

Fuel  and  Oxidizer  Pump  Speeds,  rpm  I 

12 

Gas  Generator  Chamber  Pressure,  psia 

13 

Gas  Generator  (Bootstrap  Line  at  Bleed  Valve) 
Temperature,  °F 

14 

Fuel*  and  Oxidizer  Turbine  Inlet  Pressure,  psia 

15 

Oxidizer  Turbine  Discharge  Pressure,  psia 

16 

Fuel  and  Oxidizer  Turbine  Inlet  Temperature,  °F 

17 

Oxidizer  Turbine  Discharge  Temperature,  °F 

*At  AEDC,  fuel  turbine  inlet  pressure  is  estimated  from 
gas  generator  chamber  pressure. 
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NOMENCLATURE 


A 

B 

C* 

Cp 

D 

H 

h 

M 

N 

P 

Q 

R 

r 

T 

TC* 

W 

Z 

0 

7 

n 

6 

p 


Area,  in.2 

Horsepower,  hp 

Characteristic  velocity,  ft/sec 

Specific  heat  at  constant  pressure,  Btu/lb/^F 

Diameter,  in. 

Head,  ft 

Enthalpy,  Btu/lbm 
Molecular  weight 
Speed,  rpm 
Pressure,  psia 
Flow  rate,  gpm 
Resistance,  sec2/ft^-in.^ 

Mixture  ratio 
Temperature,  "F 

Theoretical  characteristic  velocity,  ft/sec 
Weight  flow,  lb /sec 
Pressure  drop,  psi 
Ratio 

Ratio  of  specific  heats 

Efficiency 

Degrees 

Density,  lb /ft 2 


SUBSCRIPTS 

A  Ambient 

AA  Ambient  at  thrust  chamber  exit 

B  Bypass  nozzle 
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BIR 

BNI 

C 

CF 

CO 

CV 

E 

EF 

EM 

EO 

EV 

e 

em 

F 

FIT 

FM 

FY 

f 

G 

GF 

GO 

HI 

H1R 

H2R 

IF 

IO 

ITF 

ITO 

N 

NB 


Bypass  nozzle  inlet  (Rankine) 

Bypass  nozzle  inlet  (total) 

Thrust  chamber 

Thrust  chamber,  fuel 

Thrust  chamber,  oxidizer 

Thrust  chamber,  vacuum 

Engine 

Engine  fuel 

Engine  measured 

Engine  oxidizer 

Engine,  vacuum 

Exit 

Exit  measured 
Thrust 

Fuel  turbine  inlet 
Fuel  measured 
Thrust,  vacuum 
Fuel 

Gas  generator 

Gas  generator  fuel 

Gas  generator  oxidizer 

Hot  gas  duct  No.  1 

Hot  gas  duct  No.  1  (Rankine) 

Hot  gas  duct  No.  2  (Rankine) 

Inlet  fuel 

Inlet  oxidizer 

Isentropic  turbine  fuel 

Isentropic  turbine  oxidizer 

Nozzle 

Bypass  nozzle  (throat) 
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NV 

Nozzle,  vacuum 

O 

Oxidizer 

oc 

Oxidizer  pump  calculated 

OF 

Outlet  fuel  pump 

OFIS 

Outlet  fuel  pump  isentropic 

OM 

Oxidizer  measured 

OO 

Oxidizer  outlet 

PF 

Pump  fuel 

PO 

Pump  oxidizer 

PUVO 

Propellant  utilization  valve  oxidizer 

RNC 

Ratio  bypass  nozzle,  critical 

SC 

Specific,  thrust  chamber 

SCV 

Specific  thrust  chamber,  vacuum 

SE 

Specific,  engine 

SEV 

Specific,  engine  vacuum 

T 

Total 

To 

Turbine  oxidizer 

TEF 

Turbine  exit  fuel 

TEFS 

Turbine  exit  fuel  (static) 

TF 

Fuel  turbine 

TIF 

Turbine  inlet  fuel  (total) 

TIFM 

Turbine  inlet,  fuel,  measured 

TIFS 

Turbine  inlet  fuel  isentropic 

TIO 

Turbine  inlet  oxidizer 

t 

Throat 

V 

Vacuum 

V 

Valve 

XF 

Fuel  tank  repressurant 

XO 

Oxidizer  tank  repressurant 
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PERFORMANCE  PROGRAM  EQUATIONS 


MIXTURE  RATIO 

Engine 


Weo  =  Wom  -  WXo 
Wef  =  -  WXf 
We  =  Weo  +  Wef 


Thrust  Chamber 


rc  = 

Weo 

Wcf 

Weo  = 

Wom 

-  Wxo  - 

-  Weo 

WeF  = 

WfM 

-  WXF  - 

-  wcf 

wXo  - 

0.8  lb/sec 

WXF  = 

1.8  Ib/sec 

Woo  = 

W'p  • 

-  Wgf 

WcF 

WT 

K7 

Wc 


1  +  rG 

PT IF  ATIF  kt 
TC*tjf 

32.174 

Weo  +  Wcf 


CHARACTERISTIC  VELOCITY 


Thrust  Chamber 


C* 


k7  Pc  At 

- *T~ 


K7  =  32.174 


67 


AEDC-TR-67-209 


DEVELOPED  PUMP  HEAD 

Flows  are  normalized  by  using  the  following  inlet  pressures,  tem¬ 
peratures,  and  densities. 

P[0  =  39  psia 
PlF  =  30  psia 
pl0  =  70.79  lb/ftJ 
PIP  =  4.40  lb/ft3 
Tio  =  -295.212°F 
Tif  =  -422.547  °F 

Oxidizer 

H0  =  K4  _  po\ 

\P  oo  p  10/ 

K4  =  144 

p  -  National  Bureau  of  Standards  Values  f  (P,T) 

Fuel 

Hf  =  778.16  ahoFIS 
AhOFIS  -  hoFIS  -  hlF 
bOFIS  =  f(P.T) 

hlF  =  f{P,T) 


PUMP  EFFICIENCIES 

Fuel,  Isentropic 

hp  FIS  —  h  |  F 
T}(  hop-hip 

hoF  =  f(POF,  Tqf) 


Oxidizer,  Isentropic 

Vo  =  ’loc  ^  0 


^oc 

=  K4C  \^ 

k40 

=  5.0526 

Kso 

=  3.8611 

^60 

=  0.0733 

Y0 

-  1.000 

k60 
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TURBINES 


Oxidizer,  Efficiency 


bto 

^TO  Bixo 


Bto 


Ks 


WpQ  Hq 


K5  =  0.001818 


Wpo  =  WoM  +  WpuvO 

Wpuvo  ■JZpnvB°  roo 


Zpuvo  =  A  +  B  (Poo) 

A  =  -1597 
B  =  2.3828 

IP  POO  >  1010  Set  POO  =  1010 

flpu  VO 

In  R  =  A3  +  B3  Wpuvo)  +  C  WpuVO)3  +  Bg  (e) 

ftpuvo  ^P U VO  2 

7  7 

+  E3  Wpuvo)  (e)  +  F3  (e) 


A  3  =  5.5659  x  10-' 
B3  =  1.4997  x  10“2 
C3  =  7.9413  x  10“s 
Dg  =  1-2343 
E3  =  -7.2554  x  10~2 
F3  =  5.0691  x  1CT2 
0PUVO  =  16.5239 


Fuel,  Efficiency 
J*TF 


^TF  Bitf 
Bjtf  =  Kid  Ahf  Wt 

Ah |  =  hTJF  -  hTEF 

Btf  =  Bpf  =  Ks 

WPF  =  Wfm 


Kj0  =  1.4148 
Ks  =  0.001818 
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Oxidizer,  Developed  Horsepower 


Bto  =  Bpo  KS6 


Bpo  =  K5 


wPO  Ho 


Fuel,  Developed  Horsepower 


Btf  =  Bpp 


Bpf  =  K5 


Wpp  H  f 


R'PF  =  WpM 


Fuel,  Weight  Flow 

ff  T  F  =  W  T 

Oxidizer  Weight  Flow 


WtO  =  Wy  -  Wb 


2X7  u  * 
WB  =  —  — 

_  >'  H  2  ~  1 


(Prnc) 


-  (pRNc) 


yH?- 1 

yn2 


anb  pbni 
<RH2TBtr)S 


f  (0NB,  >'H2^ 


VH2>  MH2  =  fCT H 2Ri  Be) 

Anb  =  K 1 3  g 


=  0,7854 


Tbir  =  Ttio  +  460 
Pbni  =  Ptefs 

PTEFS  =  Iteration  of  PtEF 


ptef  =  Ptefs  1  +  Ke 


WT  \  TH2R 

PTEFS  /  D4TEF  MH2 


_yH2_ 
yH2-i\  "I  yH2_1 
^2  / 


=  38.8983 
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GAS  GENERATOR 

Mixture  Ratio 

rc  =  Dj  (Thi)3  +  Cj  (Thi)2  +  Bj  (Thj)  +  Ai 

A,  =  0.2575 

B,  =  5.586  x  1(T* 

Cj  =  -5.332  x  1(T9 

=  1.1312  x  10"n 

Thi  =  Ttifm 


Flows 


TC*tif  =  d2(Thi)3  +  C2  (Thi)2  +  B2(Thi)  +  A2 


A2  =  4.4226  X  103 
B2  -  3.2267 
C2  =  -1.3790  x  HT3 
D2  =  2.6212  x  10"7 

PXif  =  PtIFS 


Kb  -  38.8983 

Note  1  PtIF  is  determined  by  iteration, 

ThIR  »  Tjif 

Mfti*  Yhi,  Cp,  thi  =  1  iTHIR,  tg) 
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